We derive stellar masses, ages and star formation histories of massive early-type galaxies in the z=1.237 RDCS1252.9-2927 cluster and compare them with those measured in a similarly mass-selected sample of field contemporaries drawn from the GOODS South Field. Robust estimates of these parameters are obtained by comparing a large grid of composite stellar population models with 8-9 band photometry in the rest-frame NUV, optical and IR, thus sampling the entire relevant domain of emission of the different stellar populations. Additionally, we present new, deep U -band photometry of both fields, giving access to the critical FUV rest-frame, in order to constrain empirically the dependence on the environment of the most recent star formation processes. We also analyze the morphological properties of both samples to examine the dependence of their scaling relations on their mass and environment. We find that early-type galaxies, both in the cluster and in the field, show analogous optical morphologies, follow comparable mass vs. size relation, have congruent average surface stellar mass densities and lie on the same Kormendy relation. We also that a fraction of early-type galaxies in the field employ longer timescales, τ , to assemble their mass than their cluster contemporaries. Hence we conclude that, while the formation epoch of early-type only depends on their mass, the environment does regulate the timescales of their star formation histories. Our deep U -band imaging strongly supports this conclusions. I shows that cluster galaxies are at least 0.5 mag fainter than their field contemporaries of similar mass and optical-to-infrared colors, implying that the last episode of star formation must have happened more recently in the field than in the cluster.
INTRODUCTION
The description of galaxy formation and evolution becomes far more complicated if one considers that a galaxy is not an isolated island universe. Many observations have shown that galaxies are in fact parts of groups, clusters and super-clusters, and that their properties are correlated with the environment in which they live. Several authors have shown that the local and the largescale environments play an important role in determining many galaxy properties, such as star formation rate, gas content and morphology (Kodama & Bower 2001; Balogh et al. 2002) . Several mechanisms have been proposed by theorists to account for these effects, such as ram pressure stripping, mergers and tidal effects (Gunn & Gott 1972; Dressler et al. 1997; Moore et al. 1996 Moore et al. , 1998 Moore et al. , 1999 .
More than half of all stars in the local Universe are found in massive spheroids (e.g., Bell et al. (2003) ).
To derive the assembly history of the bulk of the stellar mass in the Universe it is thus fundamental to understand how and when the early-type galaxies (hereafter, ETGs) built up their mass. Several studies at 1 < z < 1.5 indicate that the most massive galaxies in the field (M stars > 10 11 M ⊙) may also be the oldest at a given epoch (Cimatti et al. 2004; Fontana et al. 2004; Saracco et al. 2004; Treu et al. 2005; Juneau et al. 2005; Tanaka et al. 2005) . Other studies have shown that the massive early-type cluster galaxies have evolved mainly passively since z ∼ 1.0 and that, since then, field galaxies have evolved as slowly as cluster galaxies (Bernardi et al. 1998; van Dokkum & Franx 1996; van Dokkum & Franx 2001; Treu et al. 1999 Treu et al. , 2001 Kochanek et al. 2000; van Dokkum & Stanford 2003; Strazzullo et al. 2006; De Propris et al. 2007 ). These studies imply an epoch of massive early-type galaxy formation at redshifts well beyond z = 2. At earlier epochs, an abundance of dusty and star forming galaxies are found, which appear to be the progenitors of massive ETG . Contrary to what is observed in low redshift clusters, observations of z > 2 proto-clusters have shown that the quiescent red sequence, which traces the passively evolving ellipticals, has yet to appear (Kurk et al. 2004 ). This supports a paradigm where a more rapid evolution in denser environments is occurring a z ∼ 2. More recent studies (Kodama et al. 2007 ; Zirm et al. 2008 ) reveal the appearance of the red sequence of galaxies by 2 < z < 3, although with a large scatter.
Thus, galaxy cluster samples at 1.0 < z < 2.0 provide a key link to the more active epoch at z > 2 where proto-clusters around powerful high redshift radio galaxies are not yet populated by passively evolving ETG (Kurk et al. 2004 ). Cluster galaxies have evolved and were more luminous and bluer at high redshift (e.g. van Dokkum et al. (1998) ). Other observational results, e.g. Labbé et al. (2005) , Papovich et al. (2006) , Kriek et al. (2006) , suggest that by z ∼ 2 we are entering the star formation epoch of massive ETGs, leading us to ask whether the properties of ETG at intermediate redshift are consistent with this interpretation. On the basis of these studies, the evidence seems not only to indicate an epoch of massive early-type galaxy formation at z > 2 but also that in the range 1.0 < z < 2, the environmental effects start to become more substantial.
In fact, the most distant clusters known to date (all at z < 1.5) provide the strongest test of model predictions. Relevant investigations include the observation of the aftermath of an off-axis merger in XMMXCS2215.9-1738 (Hilton et al. 2007 ) at z=1.45, a tight red sequence of ETG at 0.8 < z < 1.3 Blakeslee et al. 2003; Blakeslee et al. 2006; Lidman et al. 2004; Mei et al. 2006a,b) , a slowly evolving K-band luminosity function at odds with hierarchical merging scenarios (Toft et al. 2004; Strazzullo et al. 2006) , and a tight and slowly evolving Fundamental Plane (hereafter, FP) out to z=1.25 (Holden et al. 2005 ) have been found. Intriguingly, Steidel et al. (2005) have found that galaxies in a proto-cluster environment at z = 2.3 have mean stellar masses and inferred ages that are ∼ 2 times larger than identically selected galaxies outside of the structure.
A long-standing prediction of hierarchical models is that ETG in the field are younger for a given mass than those in cluster cores, since galaxy formation is accelerated in dense environments (Diaferio et al. 2001; De Lucia et al. 2004 ). Studies at low redshift, using chemical abundance indicators (Bernardi et al. 2006) or the analysis of fossil record data via line strength indices (Thomas et al. 2005; Clemens et al. 2006; Sánchez-Blázquez et al. 2006) suggest that star formation in low density environments was delayed by 1-2 Gyr. FP studies at z ≃ 1 have shown that massive ETG in the field and in clusters (M * > 3 · 10 10 M ⊙ ) share the same FP evolution (M/L vs. z) and have approximately similar ages (within ∼ 0.4 Gyr) and star formation histories (e.g., van Dokkum & van der Marel (2007 ), di Serego Alighieri et al. (2006 ). FP studies have also shown that M/L ratios of massive cluster and field ETG evolve slowly and regularly and that there is evidence that low-mass galaxies evolve faster than highmass galaxies (e.g, Holden et al. (2005); Jørgensen et al. (2006) ; Treu et al. (2005); van der Wel et al. (2005) ; di Serego Alighieri et al. (2005) ). This so-called downsizing effect is at odds with earlier semi-analytic model predictions (Baugh et al. 1996; Kauffmann & Charlot 1998; Somerville et al. 2004 ) (see also Renzini (2006) ), although it can be reconciled in the most recent versions based on ΛCDM cosmogony (De Lucia et al. 2006) and assuming that dry-mergers between non star-forming ETG may occur and build up the massive early-type galaxy population (Khochfar & Burkert 2003; Bell et al. 2005 ).
The majority of the above mentioned studies have focused on rest-frame optical and/or infrared spectrophotometric data.
However, the optical spectrum remains largely unaffected by moderate amounts of past or recent star formation. More recently, deep optical surveys (e.g. FIRES , GOODS (Giavalisco et al. 2004) , COMBO-17 (Wolf et al. 2004) , MUSYC (Gawiser et al. 2006) ) have provided access to the rest-frame UV spectrum beyond z ∼ 0.5, enabling more in-depth studies of the ETG population. Studies of local ETG have revealed the existence of relatively young stellar populations. Such fossil record observations of absorption line-strengths (Trager et al. 2000; Thomas et al. 2004 ) find that stellar populations younger than ∼ 5Gyr (i.e. which must have formed between z ∼ 1 and the present-day) are common in ETGs. Furthermore, a significant fraction of z ≤ 0.1 ETG show relatively blue NUV-optical colors (Kaviraj et al. 2005) , within extended disks (Kauffmann et al. 2007 ), indicating star-formation over the past Gyr. The inferred recent star-formation amounts to only ∼ 1% of the total stellar mass. In a more recent study, Kaviraj et al. (2007) have also shown that a significant fraction of 0.5 < z < 1.0 ETG show relatively blue NUV colors, indicating star-formation over the past 1 Gyr. At slightly higher redshift, spectroscopic studies at z ∼ 1.2 have shown that both the brightest ETG of RDCS1252.9-2927 (Demarco et al. 2007 ) and the massive ETG in the GDDS fields (Le Borgne et al. 2006) show evidence for recent (i.e., within 1Gyr) star-formation on the basis of prominent post-starburst features in galaxy spectra (e.g., H δ absorption line).
However, since little is known about the dependence on the environment of the recent star-formation rates (hereafter, SFR) in ETG at z ≃ 1.2, in this work, we complement our modeling of galaxy Spectral Energy Distributions (hereafter, SEDs), from NUV to NIR, presenting result of deep observations of ETG in cluster and field obtained with VLT/VIMOS in the U -band filter, that directly probes the FUV regime at the redshift of our samples, as shown in Fig 1. By studying stellar population ages at z = 1.2, we provide a key test of the paradigm of an accelerated evolution in the highest density environments. For galaxies observed at z ≤ 1 most of their difference could have been smoothed out by billion years of mostly passive evolution. By comparing stellar masses, ages and inferred star formation histories of cluster ellipticals with their field contemporaries, we directly test the prediction that the cluster environment should display accelerated evolution, resulting in larger masses and ages.
The primary observational goal of this work is to use HST/ACS in the rest-frame Near-UV (hereafter, NUV) and optical 8 ,and VLT/ISAAC, Spitzer/IRAC in the rest-frame near-IR (hereafter, NIR) 9 to measure stellar population ages and masses for ETG in the z=1.237 RDCS1252.9-2927 cluster ) and compare them to those measured on similarly selected sample of field contemporaries drawn from the GOODS South 8 wavelength ranges which are known to be stellar population age sensitive 9 a wavelength range which is known to be strongly correlated with the underlying stellar mass (Gavazzi et al. 1996) Field. This allows us to directly analyze the entire relevant spectral energy distribution of the different stellar populations, enabling us to improve constraints on galaxy ages, masses and star formation histories in both environments at z ≃ 1.2.
We note that in an accompanying paper, Gobat et al. (2008) , we also compare the coadded spectroscopic information available on both samples of ETG with a large grid of composite stellar population models.
We also analyze the morphological properties of ETG in the field and in the cluster. By studying scaling relations in this relevant redshift range we can trace back where the majority of stars formed as a function of the environment and stellar mass.
The structure of this paper is as follows. The description of our data-sets, cataloging and sample selection is described in §2. In §3 we describe our methods in deriving galaxy sizes and morphologies as well as inferring ages and masses from stellar population analysis. The results of our study are discussed in §4, while in § 5 we summarize our conclusions.
We assume a Ω Λ = 0.73, Ω m = 0.27 and H 0 = 71 km · s −1 · Mpc −1 flat universe (Spergel et al. 2003) , and use magnitudes in the AB system throughout this work.
DESCRIPTION OF THE DATA
This work is based on spectroscopic and photometric data of two fields which have extensive spectral coverage over the wavelength range 0.4 − 8µm: the Chandra Deep Field South (hereafter, CDFS) observed by the Great Observatories Origin Deep Survey (GOODS, (Giavalisco et al. 2004) ) and the field around the X-ray luminous cluster RDCS1252.9-2927 at z = 1.237 (hereafter CL1252; Rosati et al. 2004) .
The archival data for the CDFS comprise deep imaging in 8 bands, HST /ACS (B F 435W , V F 606W , i 775W , z F 850LP ) (Giavalisco et al. 2004) , VLT /ISAAC, (J,K s ) (Retzlaff et al., in prep.) , Spitzer /IRAC (3.6µm, 4.5µm) 10 , as well as spectroscopic data taken with VLT /FORS2 300I grism by the ESO-GOODS survey (Vanzella et al. 2005 (Vanzella et al. , 2006 and the K20 survey (Cimatti et al. 2002) .
The archival data for CL1252 consist of deep imaging in 9 bands, VLT /FORS2 (B, V , R), HST /ACS (i F 775W ,z F 850lp ) (Blakeslee et al. 2003) , VLT /ISAAC (J s ,K s ) , Spitzer /IRAC (3.6µm, 4.5µm), as well as spectroscopic data taken with VLT /FORS2 and already published in Demarco et al. (2007) .
Cataloging of observations and sample selection
This work builds on the analysis performed on the same data-sets by Rettura et al. (2006) , where photometricstellar (hereafter, simply stellar) masses and dynamical masses of z ∼ 1 ETG with known velocity dispersion measurements were analyzed for both the CDFS and CL1252. We refer to the above mentioned paper for more details about data reduction and cataloging (e.g., photometrical errors, PSF-matched photometry).
The resulting data-sets for the cluster and the field 10 CDFS imaging and spectroscopic data are publicly available through the GOODS collaboration web-site: http://www.stsci.edu/science/goods/.
have homogeneous depths and wavelength coverage, allowing the application of similar selection criteria for both samples. The data allow the reconstruction of galaxy SED by sampling the entire relevant spectrum range emitted by all the different stellar populations. As is shown in Fig 1, our SED-fitting analysis is based on data from the NUV rest-frame (B-band observations are centered at λ ∼ 2000Å at z≃ 1.2) through the NIR (IRAC/4.5µm imaging probes the ∼ 2µm rest-frame at the redshift of CL1252).
The availability of 8 to 9 passbands spanning such a large wavelength range enables the estimate of accurate stellar masses of ETGs and makes it possible to compare stellar population properties of homogeneously selected samples of ETG in both environments. In addition, high quality HST /ACS z F 850LP -band imaging enables the study of their morphologies in great detail.
Throughout this work, we compare morphological and stellar population properties of cluster galaxies with those shown by a sample of field contemporaries drawn from the spectroscopic surveys in the redshift range z = 1.237 ± 0.15. Although photometric-redshift selected samples are widely employed in the literature, we do not favor this approach, as we believe it may result in the pollution of the samples by a large fraction of redshift outliers, which could adversily affect our conclusions.
The depth of the VLT/ISAAC images and the extended multi-wavelength data for both fields allows us to define complete mass-selected samples. In an accompanying paper, Gobat et al. (2008) , we study the relative photometric and spectroscopic completeness of our CDFS and CL1252 mass-selected samples. The reader is referred to that paper for more details. Here, we note that photometric completeness is obtained if we limit our analysis to stellar masses larger than M lim = 5 · 10 10 M ⊙ . A selection of CL1252 ETG along the cluster redsequence is efficiently provided by a color selection of i 775 − z 850 > 0.8 (Blakeslee et al. 2003) . In the spectroscopic sample of Demarco et al. (2007) there are 22 red sequence galaxies (i 775 − z 850 > 0.8) with M * > M lim , of which 18 are classified as passive ETGs, with no emission line in their observed spectra. For the corresponding CDFS field sample, the same criteria yield 27 ETG in CDFS with FORS2 spectra giving redshift in the range z = 1.237 ± 0.15. From visual morphological analysis, following the classification scheme of Blakeslee et al. (2003) , the vast majority of the selected ETG also have typical elliptical or lenticular morphologies
Comparing, as a function of stellar mass, each spectroscopic sample with its corresponding photometricredshift sample (see Fig.1 and Table 1 of Gobat et al. (2008) ) we find that the spectroscopic follow-up for CL1252 is more complete at the low mass end (reaching a ∼ 60% completeness by M * = M lim ) than in CDFS (reaching a 60% completeness only by M * ≃ 2 · 10 11 M ⊙ ). Thus our sample of ETG in CDFS is likely to be more incomplete at the low mass end than the CL1252 one. We will return to this point when discussing our results in §4.2.
VIMOS U -band photometry of CDFS and
RDCS1252.9-2927 fields.
The new observations with VLT /VIMOS in the Uband allow us to directly study the FUV rest-frame emission, which is very sensitive to recent star formation. This allows us to constrain the instantaneous and recent star-formation in massive ETG as a function of their environment.
The reader is referred to Nonino et al. (2008) for more details on data reduction and cataloging. These surveys provide deep U -band imaging in the CDFS for a total integration time of ∼15h, to AB depths of U = 28.27 mag (3σ, 1" radius aperture), and in the cluster region for a total integration time of ∼2.5h, to AB depth of U =27.3 mag. We note that the ∼1 mag difference in depth between the two data-sets is not only due to the difference in the total allocated time, but also to the larger galactic extinction at the location of the CL1252 cluster (A(V ) = 0.247, compared to the one at the CDFS location, A(V ) = 0.026). Assuming an extinction following the Cardelli et al. (1988) relation, we estimate a dimming of ∼ 0.4 mag in the VIMOS U -band for CL1252 with respect to CDFS.
The VIMOS U-band filter has a colour term with respect to standard Johnson U-band filter. However this term has been set to zero both in CL1252 and CDFS fields in the process of catalog creation, thus placing the reported magnitudes in the VIMOS-U system.
DATA ANALYSIS

Derivation of Galaxy Sizes and Morphologies
To find structural differences shown by ETG of the same mass in different environments we have to study their morphology in a more quantitative way than a simple visual analysis. One way is to model and compare their galaxy light distributions, which are known to correlate with galaxy type and dynamical state. We also measure and compare galaxy sizes as a function of their mass, to obtain information on the physical scale of the potential well in which the stellar mass is assembled.
We have used GIM2D, a fitting algorithm for parameterized two-dimensional modeling of surface brightness (SB) distribution Marleau & Simard 1998) , to fit each galaxy light distribution by adopting a simple Sérsic (1968) profile of the form:
where b n = 1.99n − 0.33 (Capaccioli 1989) , and R e,n is the effective radius (i.e., the projected radius enclosing half of the light). The classical de Vaucouleurs profile thus simply corresponds to a Sérsic index n = 4 and b n = 7.67 in Eq. 1. In this work, we allow n to span the range between 0 and 5. GIM2D performs a profile fit by deconvolving the data with the point spread function. We model PSFs with analytic functions from visually selected stars in the surrounding (30 ′′ × 30 ′′ ) region of each galaxy. We model a different PSF for each region in order to account of PSF variations with the position in the field. A 2D radial multi-gaussian function has been fitted simultaneously to tens of selected stars around the galaxies of our sample with outputs being stacked together to create a single PSF image for each region. The reader is referred to Rettura et al. (2006) for more details on our method for modeling galaxy PSFs and SB profiles from HST/ACS images. Here we also note that using PSF constructed with distortion-corrected Tiny Tim (Krist 1995 ) models results in negligible differences (see, e.g., van der Wel et al. (2005) , Treu et al. (2005) ).
The result of the bidimensional fit is the semi-major axis a e of the projected elliptical isophote containing half of the total light, the axis ratio b/a and the Sérsic index n, which we have left as free parameters. The effective radius is computed from R e = a e b/a. The average surface brightness within the effective radius (in mag/arcsec 2 ) is obtained from the absolute magnitude M:
µ e = M + 5logR e + 38.567,
with R e in kiloparsec. In order to obtain the morphological parameters in the rest-frame B-band, which is customary in morphological studies, we have used the HST/ACS images taken with the F850LP filter, since these are very close to the B-band at the redshift of our galaxies for both the cluster and the field samples.
Derivation of stellar masses and star-formation weighted ages
Adopting a similar approach to Rettura et al. (2006) , we derive stellar masses and ages for each galaxy in our samples using multi-wavelength PSF-matched aperture photometry from 8 and 9 passbands for the CDFS and CL1252 fields respectively, from observed B-band to observed 4.5µm. For each galaxy, we compare the observed SED with a set of composite stellar populations (hereafter, CSP) templates computed with models built with Bruzual & Charlot (2003) models, assuming solar metallicity, Salpeter (1955) Initial Mass Function (hereafter, IMF) and dust-free models. In Rettura et al. (2006) we did investigate the effect of dust extinction on the bestfit stellar masses by including a fourth free parameter, 0.0 < E(B−V ) < 0.4, following the Cardelli et al. (1989) prescription. By performing the fit on 28 ETG at z ∼ 1, we found that in ∼ 40% of the cases E(B − V ) = 0 gives the best fit. In the remaining cases, masses which are lower by 0.2 ± 0.1 dex are found, with corresponding E(B − V ) ≤ 0.2. This test supports the validity of the dust-free model assumption.
For our CSP models, we assume the following grid of exponentially-declining star formation history (SFH) scenarios, Ψ(T − t ′ , τ ):
where 0.05 ≤ τ ≤ 5 Gyr, T is the cosmic time and (T − t ′ ) is the age 11 of the stellar population model formed at time t ′ at a SFR, Ψ(t ′ ). In determining galaxy model ages, masses and star formation histories from SED fitting, is important to understand how much our estimates could possibly be affected by dust extinction, and "age-metallicity"
12 and "age-SFH" degeneracies.
Galaxies could appear redder as a result of any of, a shorter τ , a larger extinction, or an older age, would 11 The range of acceptable ages for a given galaxy has been limited by the age of the universe at its observed redshift.
12 We emply the working assumption that the most-massive ETG have all solar metallicities.
all transform a galaxy spectrum into a redder one. This effect is simply illustrated in the top panel of Fig. 2 . We show the i 775 − K s vs. v 606 − i 775 color-color plot of BC03 CSP models at z=1.24 superimposed on our CDFS ETG sample observed colors. The squares show the various τ models predictions. The grids are drawn for seven different τ and five model ages (2, 2.5, 3, 3.5, 4 Gyrs): the colored lines represent iso-metallicity colors of solar metallicity, Z ⊙ . It is evident from this figure that it might become very hard to distinguish different model parameters with SED fitting studies based on rest-frame optical and infrared photometry only (i.e., λ rest > 2700 A). However, as we show in Fig. 1 , the use of information coming from the rest-frame UV is crucial to distinguish the different parameters of the stellar population modeling (e.g. ages and τ ). As we demonstrate in the bottom panel of Fig. 2 , by including available UV rest-frame photometry in the SED fits (B-band observed-frame 13 ) we are able to break the "age-SFH degeneracy". Note that the rest-frame UV remains also largely unaffected by the "age-metallicity" degeneracy, which plagues optical studies (Worthey 1994) . Hence the extensive panchromatic method we use maintains its age-sensitivity across a large range of masses, ages and τ , providing more reliable estimates of these parameters compared to those obtained using optical-to-infrared studies.
To account for the average age of the bulk of the stars in a galaxy, we refer throughout this paper to starformation weighted ages, t, defined as:
Assuming Ψ(T − t ′ , τ ) as in Eq. 3 we obtain,
By comparing each observed SED with these atlases of synthetic spectra, we construct a 3D χ 2 space spanning a wide range of star formation histories, model ages and masses. The galaxy mass in stars M * , the τ and the inferred t of the models giving the lowest χ 2 are taken as the best-fit estimates of the galaxy stellar mass, age, and SFH timescale. We note that this procedure results in typical errors for galaxy ages of ∼ 0.5Gyr, and for τ of ∼ 0.2Gyr. Typical uncertainties on the mass determination are about ∼ 40% (i.e., 0.15 dex) .
The reliability of spectrum synthesis models at λ obs ∼ 2µm has long been debated (Maraston (1998) and references therein). In the rest-frame NIR regime, in early stages of the galaxy evolution, a short-duration thermally pulsating (TP-) AGB phase is known to be relevant. In Rettura et al. (2006) we have shown that PEGASE.2 (Fioc & Rocca-Volmerange 1997) , BC03, and Maraston models (hereafter M05; Maraston 2005) yield consistent stellar masses (within typical errors of 40%) for z∼ 1 ETGs. Therefore we do not expect our stellar mass estimates to much depend on the actual stellar population synthesis model adopted. On the other hand, in §4.2 we discuss the effect on the galaxy ages of the use of other models such as M05.
13 corresponding to ∼ 2000Å at z = 1.24
In Fig. 3 we plot the stellar mass versus U − B restframe color diagram of the mass-selected samples of CL1252 cluster early-(filled red circles) and late-type (red stars) galaxies as well as of CDFS field early-(filled blue circles) and late-type (blue stars) galaxies. The cluster ETG red sequence is evident, as well as the larger scatter in color of the field ETG around that sequence.
In Fig. 4 a similar diagram is compared with the predictions of the Menci et al. (2008) semi-analytical models for galaxies in clusters (defined as host Dark Matter haloes with M > 10 14 M ⊙ ); the color code represents the abundance, normalized to the maximum value, of galaxies in a given mass − (B − V ) bin.
We note that the color and scatter of the sequence predicted by the models indicate that the existence of ETG confined to a narrow CMR by z ≈ 1.2 is indeed consistent with predictions of hierarchical models including AGN feedback. However, the latter still yield a somewhat flatter slope of the CMR and an excess of red, lowmass galaxies. These discrepancies constitute a common feature of all hierarchical models, due to the following physical processes: i) the biasing effect, causing low-mass galaxies residing in high-density environment to collapse earlier; ii) the starbursts, present mainly at high-redshifts in biased density environments (like those originating the clusters), triggering early star formation at z 2; iii) the "strangulation" effect, namely, the stripping of gas in galaxies with shallow potential wells (such gas is included in the intra-cluster medium). In fact, in hierarchical models, low-mass galaxies are the main cause of the larger fraction of red objects characterizing the galaxy population in high-density environments.
RESULTS AND DISCUSSION
The dependence of ETG scaling relations on environment
The FP is known to be a powerful tool for studying the evolution of ETGs (Djorgovski & Davis 1987) . In as similar way to the small scatter of the color-magnitude relation (Bower et al. 1992) , the tightness of the FP (Jorgensen et al. 1996; Bernardi et al. 2003) constrains the homogeneity of the ETG stellar population. Because of its dependence on galaxy luminosity, the FP is sensitive to recent star formation episodes.
One of its projections shows a tight relation between the effective radius, R e , and the mean surface brightness < µ e > measured inside R e , also known as the Kormendy (1977, hereafter KR) relation:
where the slope β ≃ 3 is found to be costant out to z ≃ 0.65 (La Barbera et al. 2003) , while the value of α depends on the photometric band adopted to derive the structural parameters. Here we adopt the KR as one of the tools for investigating the structural properties of ETG with the aim of understanding the role of the environment in shaping ETG of similar masses and optical-to-infrared colors.
In Fig. 5 , we find very similar KRs for the two samples. Both the derived zero points and slopes are consistent within the errors. These relations show that at the effective radius, large (massive) galaxies are fainter than small galaxies regardless of the environment. This in turn indicates that large galaxies are less dense than small galaxies in both the cluster and field at z ≃ 1.2. For comparison, we overplot the KR at z ∼ 0 found by La Barbera et al. (2003) (dotted-dashed red line), Kcorrected to our rest-frame B-band. Our galaxies are brighter by 1-2mag than at low redshift, a discrepancy that other studies at 1.0 z 1.4 have also found difficult to explain with the assumption that galaxies undergo only a pure luminosity evolution with redshift (e.g., Longhetti et al. (2007) ). In fact, our galaxies show an evolution of < µ e > which exceeds ∼ 2 times the one expected in the case of pure luminosity evolution (∼ 1mag). According to Eq. 2, the other quantity affecting < µ e > is the effective radius. Therefore to recover this discrepancy we can assume that, as a function of redshift, ETG undergo a size evolution as well: the effective radius of ETG should increase by at least factor ∼ 1.5 from z≃ 1.2 to z∼ 0 both in the cluster and in the field environment.
Recent studies of the dependence on environment of the size vs. stellar mass relation (Trujillo et al. 2004; McIntosh et al. 2005; Trujillo et al. 2006 Trujillo et al. , 2007 found that the bulk of galaxies with comparable stellar masses to ours were at least a factor 2 smaller at higher redshifts than locally. This is qualitatively consistent with the observed trend in our data, (see Fig. 6 ) when the sizes and masses our samples are compared with the local relation for ETG in SDSS (dotted-dashed red line; Shen et al. 2003) . We find no-dependence on the environment of the R e vs. M * relation, implying that cluster and field ETGs must undergo similar luminosity and size evolution to match the typical values found for the ETG at lower redshifts. To explain how compact galaxies observed at z > 1 could possibly endup on the local relation, a possible evolutionary mechanism that grows stellar mass and size has been suggested: a dissipationless ("dry") merging of gas-poor systems (e.g., (Ciotti & van Albada 2001; Nipoti et al. 2003; Khochfar & Burkert 2003; Boylan-Kolchin et al. 2006 ) that is efficient in increasing the size of the objects, while remaining inefficient at forming new stars.
In the local universe, the SFR per stellar mass (specific star-formation rate, SSFR) correlates strongly with galaxy concentration, effective radius and the average surface stellar mass density (σ 50 ; Kauffmann et al. 2003; Brinchmann et al. 2004) . A striking similarity of cluster and field galaxies at z ≃1.2 is again shown in Fig. 7 where we plot, σ 50 ,
versus the stellar mass, and compare them with similar data in the literature drawn from Zirm et al. (2007) at z ∼ 2.5. Quiescent Distant Red Galaxies (qDRGs) are drawn as red ellipses, star-forming DRGs (sDRGs) are drawn as open red stars, while blue stars indicates Lyman Break Galaxies (LBGs) from the same work. While some of our galaxies are almost as dense as the Zirm et al. (2007) and (Toft et al. 2007 ) quiescent distant red galaxies (qDRGs), both our samples (filled circles) overlap the region occupied by other 1.0 z 1.5 galaxy samples (Trujillo et al. 2006; Daddi et al. 2005; van der Wel et al. 2006; Rettura et al. 2006 Shen et al. (2003) . It is very clear in Fig. 7 that the bulk of our galaxies in both samples have much larger densities that their local counterparts. To account for this effect in the context of a plausible formation scenario, semi-analytical modeling (e.g. Khochfar & Silk (2006) ) suggests that ETGs formed in gas-rich mergers can result in very dense stellar cores, as the gas is driven to the center of this "wet" (dissipative) merger where it very efficiently produces massive starburts. Galaxies that merge in the early universe are likely to be gas-rich. Consequently the dense nature of this objects could be the result of much denser conditions of the universe at the time of their formation. We note that our finding that there is no dependence on the environment of the σ 50 vs, M * relation at z≃ 1.2 can provide an important datum for models of galaxy formation.
The dependence of ETG ages and star formation histories on their environment
As we apply the method described in section §3.2, we are able to directly compare the distribution of starformation weighted ages in the field and in the cluster. As shown in the top panel of Fig. 8 , we find the overall relative distribution of cluster and field ETG ages to be very similar. This result implies no significant delay in relative formation epochs is found for ETG in either environments. We find that ∼ 80% of massive ETGs have ages in the range 3.5 ± 1.0 Gyr in both cluster and field.
To investigate the dependence of this result on the actual stellar population synthesis code adopted, we compare our current results (based on BC03 models) with those obtained with a set of similar dust-free CSPs templates built with Maraston (2005) models, adopting the same exponentially-declining SFHs of Eq. 3, and assuming solar metallicity and Salpeter (1955) IMF. The result of the analysis based on M05 models is shown in the bottom panel of Fig. 8 where we still find the cluster and field relative age distributions to be very similar, despite the fact that the contribution of the TP-AGB stars in these models are implemented in a different way. However, here we find that ∼ 60% of galaxies have ages in the range 3.5 ± 1.0 Gyr; M05 models favor slightly younger ages (∼ 1 − 2 Gyrs) for ∼20% of ETG in both environments. This effect can be explained by the fact that, at about 1 Gyr, M05 models account for a larger amount of 2 µm flux than BC03 models of the same age, resulting in significantly redder color at younger ages, thus can favor t ∼ 1-2Gyrs best-fits in a few cases.
To summarize, we find that, regardless of the actual stellar population synthesis code adopted, cluster galaxies ages have the same relative distribution as their field contemporaries: no significant delay in their formation epochs is found, within the errors (∼ 0.5Gyr). This result is at variance with some versions of the hierarchical model of galaxy formation and evolution (Diaferio et al. 2001; De Lucia et al. 2006 ) and with fossil record studies (Thomas et al. 2005; Clemens et al. 2006 ), but in remarkably good agreement with the ones derived by van Dokkum & van der Marel (2007) and di Serego Alighieri et al. (2006) from the evolution of the M/L ratio. It should be noted that similar results are found by other works using independent methods and data-sets.
In the top-left panel of Fig. 9 we plot for both samples each galaxy age, t, as a function of stellar mass. We note that the age of ETG increases with galaxy mass in all environments, which is in agreement with the so-called downsizing scenario of galaxy formation (Cowie et al. 1996) . This effect can also be seen in the the top-right panel of Fig. 9 , where we plot our galaxies' lookback time to formation as a function of their stellar mass, in both environments. Our result is in agreement with the one obtained with an independent method and data-set by (di Serego Alighieri et al. 2006 ) and based on z∼ 1 ETG ages estimated from the FP parameters (see their Fig.  3) .
Despite of the fact that cluster and field galaxy formation epochs are found to be similar, it could still be possible that the timescales of their SFH are significantly different. Firstly, the data show that the distribution of cluster and field optical colors is significantly different. As a function of the stellar mass, cluster galaxies are found to lie on a very tight red-sequence, while those in the field populate the color-sequence with a larger scatter (Fig. 3) . Secondly, in Gobat et al. (2008) we find that the averaged spectrum of the cluster galaxies has a more pronounced 4000Å break than that of the field sample.
Both these pieces of observational evidence find a natural explanation in the framework of our modeling. As shown in the bottom-right panel of Fig. 9 , as a function of stellar mass, we find that field ETG span a larger range of timescales than their cluster contemporaries, which are formed with the shortest τ at any given mass. According to our models, cluster ETG are found to have experienced more similar star-formation histories. As shown in the bottom-left panel of Fig. 9 , cluster ETG form a color-age sequence with much smaller scatter than the field ones.
As discussed in §2.1, we recall that our field sample is more deficient in lower mass objects than the cluster sample because of the different depths of spectroscopic observations. However, even if the field sample were corrected for completeness, this would likely result in a larger fraction of field ETG at low mass, which are the ones that we found with longer τ . Hence this would amplify the difference between the typical timescales of the two samples, and so not affect our conclusions.
The dependence of ETG FUV magnitudes on their environment
The rest-frame FUV (∼ λ 1700Å) SED is a crucial range where hot (> 9000K), massive (M > 2M ⊙ ), shortliving (< 1Gyr) stars emit most of their light. Thus it is a wavelength domain which is very sesnsitive to current or recent star formation. Most of the light from ETG is emitted in the optical and the NIR rest-frame. However, the FUV can be used as a good tracer of the residual current star-formation and to trace back, within the last Gyr, the most recent episode of star-formation. About 100Myr after star formation ceases, an ETG spectrum becomes dimmer and redder. Therefore, the fainter the rest-frame UV emission is, the earlier the star formation must have stopped. Over time, the galaxy spectrum fades and slowly reddens as the 4000Å break becomes more pronounced. Here we have used the VLT/VIMOS U -band observations described in §2.2 to empirically constrain the dependence on the environment of the most recent star formation processes in z≃ 1.2 ETGs.
However, when analyzing UV rest-frame fluxes of massive ETG it is important to recall that core helium burning stars on the horizontal branch (HB) are known to produce a "UV upturn" feature (Yi et al. 1997 (Yi et al. , 1999 . This effect can, in principle, complicate the disentanglement of the contributions to the UV spectrum of the evolved and young stellar populations. However, the onset of the HB typically takes 9 Gyr, meaning that, by z=1.2 (when the Universe is only 5Gyr old), not enough cosmic time has elapsed for this population of stars to appear. Hence the UV flux seen in our sample ETG must originate only from young stars.
In Fig. 10 we show U -band magnitudes (1" radius aperture; rest-frame ∼ 1700Å) as a function of stellar mass for the ETG detected in the field (filled blue circles). Solid lines represent the 1σ limit magnitudes of both data-sets (in blue for CDFS, in red CL1252). Dashed lines represent the 3σ limits. As already pointed out in §2.2, the combined effect of shorter total exposure times and higher galactic extinction at the location of CL1252, directly translates into a ∼ 1mag deeper U -band photometry for the CDFS.
A large fraction (75 %) of field ETG are (> 3σ) detected in the deep CDFS images. The observed magnitude of the median stack of these detections is U =27.46 mag (blue dotted line of Fig. 10 ), corresponding to a SFR=0.47 M ⊙ /yr (Sawicki & Thompson 2006 ). An image of the median U -band stack of the ETGs detected in the field, is displayed in the bottom-left corner of Fig. 10 .
Since none of the CL1252 ETG is actually detected in our U -band data, we use their median stack, shown in the middle of Fig. 10 , to provide a robust upper limit of U > 27.3 mag for the CL1252 early-type population, which corresponds to SFR< 0.55M ⊙ /yr.
We note that the non detection of the CL1252 ETG cannot only be attributed to the shallower U -band data for the cluster. To prove this we have simulated how the CDFS detected ETG would appear in the 1252 data (more details can be found in Nonino et al. (2008) ). We randomly placed the 20 U -band detected CDFS ETG (0.4 mag dimmed to match the relative difference in galactic extinction) in the CL1252 maximally exposed region, avoiding objects detected in the U -band, and repeated this step 30 times. Hence we generated 32 median stacks of 18 simulated galaxies each, picking up at random amongst the cutouts. Aperture photometry (1" radius) on these simulated CDFS@1252 stacks results in a median value of U =27.8 mag which is in agreeement with the dimmed inputs of the simulations. In the bottomright corner of Fig. 10 we show one of these stacks, which would be clearly detected in 1252. Comparing this last value to the upper limit we measured in the cluster data, we can state with confidence that cluster ETG are intrinsically fainter by at least 0.5 mag in the observed U -band than their field contemporaries of similar mass and optical-to-infrared colors.
This observational evidence corroborates the results of our stellar population synthesis analysis described in the previous subsection. In our proposed scenario, a generally shorter timescale of the star formation process among the cluster galaxy population would naturally result in a generally fainter observed U -band magnitudes compared to the field population at z≃ 1.2.
CONCLUSIONS
We have obtained photometric parameters: PSFmatched aperture magnitudes in 9 bands from FUV to NIR rest-frame; and morphological information: effective radius, average surface brightness, Sérsic index and average surface stellar mass density for mass-selected samples of 45 cluster and field massive (M > 5 · 10 10 M ⊙ ) early-type galaxies at z≃ 1.2. Apart from a lower level of spectroscopic completeness for the least massive field galaxies, that we find not to affect our conclusions, our sample has the advantage of being photometrically complete at our mass limit and having galaxy types assigned spectroscopically.
For both samples we also have derived stellar masses, ages, and star formation histories, parameterized as timescales, τ , of exponentially declining CSP model templates built with BC03 and M05 models.
From the data analysis performed in this work, we have obtained the following results:
• Cluster and field ETG lie on a similarly tight Kormendy Relation at z≃ 1.2. When compared to the local relation, our galaxies are 1-2mag brighter than at z∼0, similar to what has been found by other studies at z ∼ 1.0 in the field (e.g., (Longhetti et al. 2007) ). The evolution of the KR cannot be explained as pure luminosity evolution and we conclude that ETG must undergo a similar size evolution in both environments.
• We find no dependence on the environment of the size vs. stellar mass relation,or for the average surface stellar mass density vs. stellar mass relation at z≃ 1.2. As a comparison we constrast both of them with the local relations for ETG found in SDSS. We find that the bulk of our ETG in both samples have much smaller sizes (and larger densities) than their local counterparts. Our data therefore indicate a strong size evolution for both the cluster and field galaxies.
• We find no significant delay in the formation epochs of massive ETG observed in the cluster and in the field at z≃ 1.2. This result is true robust for models that treat the contribution of the TP-AGB stars in very differnt way (i.e., BC03 or M05). However our result is at variance with some versions of hierarchical models (Diaferio et al. 2001; De Lucia et al. 2006) and with fossil record studies (Thomas et al. 2005; Clemens et al. 2006) , but is in remarkably good agreement with those obtained from the evolution of the M/L ratio.
• The age of ETG increase with galaxy mass in all environments, which is in agreement with the downsizing scenario. The site of active star formation must have shifted from the most massive to the less massive galaxies as a function of the cosmic time. The formation epochs of ETG only depends on their mass and not on the environment they live in.
• We present new deep U -band observations in the rest-frame FUV (∼ λ 1700Å) for both samples ETG. We detected 75 % of the field ETG at z≃ 1.2. The observed magnitude of the median stack of these detections is U =27.46 mag, which corresponds to a SFR=0.47 M ⊙ /yr.
• None of the CL1252 ETG was actually detected in our shallower (by ∼ 1 mag) U -band data, but we used their median stack image to provide a robust upper limit of U > 27.3 mag for the CL1252 early-type population, which corresponds to SFR< 0.55M ⊙ /yr.
• Using simulations, we find that the median stack of the CDFS ETG could be clearly detected in the actual CL1252 data at U =27.8 mag. Comparing this value to the upper limit we measured from the cluster data, we can firmly state that cluster ETG are intrinsically fainter by at least 0.5 mag in the U -band than their field contemporaries of similar mass and optical-to-infrared colors. This observational evidence implies that the last episode of star formation must have happened more recently in the field than in the cluster.
• The data also show two other compelling pieces of evidence that cluster and field SFHs are significantly different: 1) as a function of the stellar mass, cluster galaxies are found to lie on a very tight color sequence while the field galaxies populate it with a larger scatter; 2) in a companion paper based on the same data-set, Gobat et al. (2008) find that the averaged spectrum of the cluster galaxies has a more pronounced 4000Å break than that of the field sample.
• Finally we have been also able to explain both these pieces of observational evidences in the framework of our stellar population modeling. Field ETG best-fit models span a larger range of timescales than their cluster contemporaries, which are formed with the shortest τ at any given mass.
While cluster and field galaxy observed at z≃ 1.2 form at approximately the same time, a high density environment is able to trigger more rapid and homogenous SFHs for the ETGs, limiting the range of possible starformation processes. In low density environments, this effect must rapidly fade as ETG undergo a much broader range of possible star formation histories. We also note that this scenario is in very good agreement with the one proposed by Menci et al. (2008) , based on the latest rendition of semi-analytic models.
A.R. is grateful to Roderik Overzier, Arjen van der Wel, and Loredana Vetere for useful discussions. A.R. is also grateful to Andrew Zirm for providing the data used in Fig. 7. . i − Ks vs V − i color-color plot of BC03 composite stellar population models at z = 1.24 superimposed on our GOODS ETG photometry at z = 1.24 ± 0.15 in blue circles. The squares account for SFHs with various τ models. The grids are drawn for seven different τ s and five ages (2, 2.5, 3, 3.5, 4 Gyrs): the colored lines represent iso-metallicity colors of Z ⊙ . The black arrow indicate an extinction of E(B − V ) = 0.2 as parameterized with the reddening curve of (Cardelli et al. 1989 ). Bottom left panel: i − Ks vs. B − i color-color diagram of the same models and data: B-band (λrest ∼ 2000Å) is mandatory to break the age-SFH degeneracy at z=1.24 Fig. 3 .-U − B color -mass Diagram of the mass-selected samples of CL1252 early-(filled red circles) and late-type (red stars) galaxies as well as of CDFS field early-(filled blue circles) and late-type (blue stars) galaxies. Uncertainties in the stellar mass are ∼ 0.15 dex. Field ETG galaxies are distributed around the cluster red-sequence, although with a larger scatter . The Kormendy relation in the rest-frame B-band for our ETG in the field (filled blue circles) and in the cluster (filled red circles). All the data are corrected for the cosmological dimming (1 + z) 4 . The red dotted-dashed line represents the KR at z ∼ 0 found by La Barbera et al. (2003) , K-corrected to our rest-frame B-band. The error bar in the bottom-right is representative of the typical uncertainties of our measurements. Fig. 7. -The stellar mass vs. the Average surface mass density within the half-light radius for the ETG in the cluster (filled red circles) and in the field (filled blue circles). For comparison we over-plot z ∼ 2.5 quiescent DRGs (qDRGs) (open red ellipses), star-forming DRGs (sDRGs) (open red stars), LBGs (filled blue stars) from Zirm et al. (2007) paper. Other samples of 1.0 z 1.5 ETG are also drawn from the works of (Trujillo et al. 2006 ) (open red squares), (Daddi et al. 2005 ) (open red circles), (van der Wel et al. 2006 ) (open black circles), and ) (open black squares). The red dotted-dashed line represent the local relation for ETG in SDSS calculated from the mass-size relation of Shen et al. (2003) . The error bar in the bottom-right is representative of the typical uncertainties of our measurements. 
